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SUMMARY 


The Wei s singer method for determining additional span loading for 
incompressible flow is used to find the damping in roll, the lateral 
center of pressure of 'the rolling load, and the span loading coef- 
ficients oaused "by rolling for wing plan forms of various aspect ratios, 
taper ratios, and sweep angles. In addition, the applicability of the 
method to the determination of certain other aerodynamic derivatives is 
investigated, and corrections for the first-order effects of compressi- 
bility are indicated. 

The agreement obtained between experimentally and theoretically 
determined values for the aerodynamic coefficients indicates that the 
method of Weissinger is well suited to the calculation of the additional 
span loading caused by rolling and for the calculation of such resulting 
aerodynamic derivatives of wings as do not involve considerations of tip 
suction. 


INTRODUCTION 


The National Advisory Committee for Aeronautics has conducted for 
some time a program consisting of both theoretical and experimented 
investigations for determining the effects of plan form on the various 
aerodynamic derivatives of wings. The efforts in this direction have 
recently been intensified as a result of recourse to large amounts of 
wing sweep for delaying the 'onset of the drag rise associated with Mach 
number effects. Several methods for computing some of the low-speed 
characteristics of wings having large amounts of sweep have been 
evaluated in reference 1, and one of the most promising of these was used 
in reference 2 for an analysis of the effects of plan form on the additional 
loading caused by angle of attack. 
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In this paper the low^-speed effects of plan form on the additional 
loading caused by rolling and on the damping In roll are determined. 

The calculations vere made by the method of Weissinger (reference 3) f° r 
a variety of plan forms having sveep angles, aspect ratios, and taper 
ratios which encompass the probable ranges of these variables. Experi- 
mental data are given for verification of some of the results, and the 
applicability of the method to the determination of certain other deriva- 
tives is investigated. The simplification of the Weissinger method 
resulting from the fact that the span loadings under investigation are 
antisymmetrical about the midspan of the wing is given in the appendix 
along with a calculation form and necessary instructions for its use in 
calculating antisymmetrical lift distributions. Constants are given for 
calculations which determine the circulation at 7 and 15 points along the 
wing span. 


SYMBOLS 


Forces and moments are referred to the stability axes, the origin of 
which is assumed to be at the projection of the quartern-chord point of the 
mean aerodynamic chord of the wing on the plane of symmetry. The 
stability-axes system is shown in figure 1. The coefficients and symbols 
used herein are defined as follows: 


span— loading coefficient for unit wing-4; ip helix angle pb/27 



CCJ 

c Bf 


span— loading coefficient for unit dihedral and unit sideslip 



rate of change of rolling-moment coefficient with wing— tip 
helix angle pb /2V 


rate of change of yawing-moment coefficient with wing— tip 
helix angle pb/27 

rate of change of rolling-moment coefficient with angle of 
sideslip P 


value of 



for unit dihedral angle T 


lift coefficient 
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^cp 


c 
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A 

A 
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yep 


local lift coefficient ^§.ectlg llft^ 


rolling-moment coefficient 


/ Bolling moment 

V qSb 




y aving-moment coefficient /" Yav3 - n g , moment \ 

\ qSh J 

spanvise center-of-pressure location of one ving panel, 
fraction of aemlapan j 1 

IW 


airfoil chord 

mean ving chord 

angle of sideslip, radians 

dihedral angle, radians 

rate of roll, radians per unit time 

dynamic pressure 

velocity 

ving span 

ving area 

aspect ratio 

angle of sveep of quarter— chord line of ving 

tapor ratio ( T1 P ch ° rdN ) 
yRoot chord/ 

distance along Y-axis from origin 

distance along Y— axis to lateral center of pressure of loading 
under consideration 
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a section lift-curve slope for section normal to quarter-chord 

0 line, per radian 

M Mach number, ratio of velocity of free stream to velocity 

of sound 


RESULTS AND DISCUSSION 
General Remarks 


The calculations of span loadings carried out in this paper were 
made by the method of Weissinger as described in references 1 and 3 and 
as utilized for an investigation of the effects of plan form on the 
additional loading caused by angle of attack in reference 2. The span 
loadings caused by rolling, the resulting damp ing-ii*-r oil parameter C , 

P 

and the lateral center of pressure T) C p are given for the range of plan 
forms shown in figure 2 along with a check of the validity of the method 
of WeisBinger for rolling loads in figures 3 to 6. The values of 

and the dihedral effect contributed by geometric dihedral c l^j r aB 

determined from the calculated loadings and related information are 
presented in figures 7 to 9 for a few untapered plan forms. 

The span loadings presented herein and the values of the aerodynamic 
derivatives may be corrected to correspond to section lift-curve slopes 
other than 2n by multiplication of the loading coefficients or derivatives 
by the ratio of the chosen lift-curve slope to 2* (which is inherent in 
the Weissinger method) as is discussed in reference 1. A somewhat more 
exact way to account for the effect of changes in the slope of the section 
lift curve on would be to obtain the following ratio (see reference 4) 

P 


('■■X 

OX ' (5 


A + 4 cos A 


A + 4 cos A 


Multiplication of the Weissinger values of Cj by this ratio would yield 
the value of C 7 for any chosen section— lift-curve slope. 
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The Bubsonlc effects of compressibility as given hy an application of 
the Prandtl-Glauert rule may he determined for the characteristics 
presented herein in the same manner as given in reference 2 for the 
additional load caused hy angle of attack. The characteristics of a wing 
at a given Mach number are obtained for an equivalent wing in incom- 
pressible flow as defined hy 

^equivalent = ^ 


•^equivalent 


= A\/l - M c 2 


tan -^equivalent 


tan A 


The loading coefficients and derivatives 


CCi 


CC-j 


pb'. 0^ 


2W 



and 



are then multiplied hy lf\Jl - M Q 2 . The lateral center of pressure q cp 
needs no multiplication factor. 


Comparison of Results for Roll with Experiment 

Figure 3 gives a comparison of values of C, as calculated hy the 

7-point method of Weissinger and as determined hy experiment in the rolling- 
flow section of the Langley stability tunnel. The values indicate very 
good correlation for most of the test results when the section lift-curve 
slope of the experimental data is taken into account. Figure 3 indicates 
that the section lift-curve slope of the experimental data is 90 to 
95 percent of the theoretical value of 2it. The method of Weissinger is 
expected to apply well to the case of rolling loads because the control 
points for the downwash summation are grouped near the tip of the wing 
where the load is greatest and is changing most rapidly. Calculation of 
rolling span loadings hy the 15-point Weissinger method results in no 
appreciable improvement over the 7-point method for the range of plan 
forms investigated. The accuracy of the Weissinger method was found, 
however, to decrease with increasing aspect ratio and sweep. The 7-point 
method is used herein to determine the effect of plan form on the roll ing 
span loading, the damping in roll, and the lateral center of pressure. 
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Effects of Plan Form on Load Distribution and Damping in Poll 

The additional loadings caused by rolling, the damping in roll, and 
the lateral center of pressure of the additional loading for wings of 
various aspect ratios, sweeps, and taper ratios as determined by the 
7— point method of Weissinger are presented in figures 4 to 6. 

For aspect ratios of the order of 6 the lateral centers of pressure 
move outward, and the values of decrease with angle of sweep in a 

P 

normally accepted manner for the range of plan forms investigated. The 
variation of the loading along the span becomes markedly more linear for 
a greater proportion of the span with increased sweep for taper ratios 
of 0.5 and 1.0, this linearity indicating an approach to the case of the 
two-dimensional yawed wing. A few calculations for negative angles of 
sweep at an aspect ratio of 3.5 and a taper ratio of 1.0 show that the 
value of C ^ for a positive angle of sweep is very nearly the same as 
P 

that for the corresponding negative angle of sweep for this particular 
plan form. The effects of increased taper (decreased taper ratio) are to 
shift the load toward the center of the wing and also to decrease the 
magnitude of the load for a given rolling velocity. These effects, of 

course, result in decreased values of C7 . For the range of taper ratios 
* P 

considered herein, most of the reduction in C 7 with taper ratio occurs 

P 

between taper ratios of 0.5 and 0. 

Taper— ratio and sweep variations produce little effect on the 
magn itude or distribution of loading for an aspect ratio of 1.5 and, 

consequently, produce small changes in the values of and the lateral 

P • 

center of pressure T) C p» Deference 2 indicates a reversal in the effect 

of sweep on the lift— curve slope at low aspect ratios and sweeps. A 
similar effect was noted herein for C 7 , but the magnitude of this 

P 

reversal was exceedingly small. 

The result of reference 5 for extremely low-aspect— ratio triangles 
is included in the plots of C 7 against aspect ratio A. (See fig. 5°) 

P 

This result in conjunction with the material of this investigation indicates 
a logical approach to zero plan— form effect at zero aspect ratio. 

Reference 2 indicates that this result is true for the lift-curve slope 
also. 
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Comparison of Results for C n with Experiment 

P 


The results of a few calculations of the derivative C for a taper 

P 

ratio of 1.0 are presented in figure 7» These calculations involved the . 
use of span loadings determined by the method of Weissinger and the 
concepts of the Prandtl lifting— line theory. The additional loading caused 
by angle of attack vas determined from reference 2 and the loading caused 
by rolling from the present paper. The procedure, in effect, involved 
finding the direction cosines of the lift vector at various stations along 
the wing in roll at an angle of attack on the assumption that this vector 
was at all times perpendicular to the relative wind and the quarter-chord 
line of the wing. The final force and moment coefficients were determined 
by integrating the components of the vectors across the span. This method 
of calculation which accounts for the effect of leading-edge suction 
appears to be a better approximation for the rectangular case than for 
highly tapered wings. 


The results of these calculations are shown in figure 7 along with 
experimental data from reference 6 and an extrapolation of the results of 
reference 7 as presented in reference 4. The discrepancy between the 
results of these calculations and the experimental points appears to be 
attributable to the neglect of tip auction. The contribution of tip 
suction to C n is known to increase as the aspect ratio is diminished. 

P 

For the subsonic case, as the aspect ratio of a rectangular wing is made 
smaller, more of the lift is carried at the leading edge. For vanishingly 
small aspect ratio, Ribner*s theory (reference 5) may be extended to give 
the value of C l for the rectangle. This result is shown in figure 7 


by the dash line. Good agreement is obtained with the experimental results 
for the rectangle. This theoretical result iB purely the effect of tip 
suction, and its agreement with the experimental values indicates 
that C n^l C L is largely dependent on this phenomenon for low aspect 

ratios. The method of Weissinger, which contains no consideration of chord 
loading, thus does not appear to be idealy suited to the calculation of 
the increments of derivatives contributed by tip suction. 


Comparison of Results for 



with Experiment 


The results of the application of the 15— point method of Weissinger 
to the calculation of the effect of 100-percent-span geometric dihedral on 
the additional span loading caused by sideslip and the derivative are 


given in figures 8 and 9* In calculating the loading caused by sideslip, 
the effect of the skewness of the trailing vortices was assumed to be small 
in comparison with other considerations. This assumption reduces the 
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problem to one of determining the span loading of a wing which has equal 
and opposite angles of attack on the two wing panels. These angles 
correspond to the product of the angle of sideslip and the angle of 
dihedral for the right wing panel and the negative of this product for 
the left wing panel. 


Comparison in figure 9 of the results of the calculation of 


by this method with experimental results from references 8 to 13 indicates 
good agreement in the case of zero sweep. Experimental results are given 
in some cases for several angles of attack. It should be noted that this 
calculation predicts appreciably smaller values of C ^ j r than the results 


of reference 7 and the extrapolation thereof (from reference 8) shown in 
figure 9. These results approach those of reference 5 for low-aspect— 
ratio triangles as the aspect ratio is diminished. The effect of 
increased sweep is to decrease the value of jV, the effect being 


greater for a given incremental sweep at large sweep angles than at small. 
The approximate method of reference 8 which was designed to predict changes 
in C 7 /r with changes in sweep predicts the effect of sweep to be greater 

V 

than that shown in the calculations of the present paper. 


The additional loadings caused by a unit dihedral at unit sideslip 
indicate a concentration of the loading much nearer the center section 
than in the rolling case which is in agreement with the anticipated result. 
(See fig. 8.) The effect of sweep is again to shift the load nearer the 
tip for the range of plan forms investigated. 


The 7-point method of Weissinger predicted slightly smaller values 


of C-, 


/ 


than the 15 -point method. This discrepancy is in all likeli- 


hood a result of the lack of definition of the unit angle of attack in the 
vicinity of the midspan. The Weissinger method groups most of the control 
points for the summation of the downwash near the tip region. For calcu- 
lations of the type discussed in this section and for aileron or twist 
investigations a uniform spanwise grouping of the control points appears 
to be preferable. 


COWCLUSIOWS 


A theoretical investigation of the low^-speed additional span loading 
of wings of various plan forms in roll and certain related derivatives 
indicated the following conclusions: 

1. The method of Weissinger appears to be well suited to the calcu- 
lation of the span loading caused by roll and for the calculation of such 
resulting aerodynamic derivatives of wings as do not involve considerations 
of tip suction. 
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2. For aspect ratios of the order of 6 the lateral centers of pressure 
move outward, and the values of C^, the rate of change of roll lag-moment 

coefficient with wing-tip helix angle, decrease with angle of wing sweep 
in a normally accepted maimer. The effects of increased taper are of course 
to shift the lateral center of pressure toward the center of the wing »nrl 
decrease the values of C 7 

4 P 

3 . Taper ratio and sweep variations produce little effect on the 
magnitude or distribution of span loading for wings of aspect ratios of 1.5 
or lower and, consequently, produce amnii changes in the valueB of the 
damping in roll and the lateral center of pressure of the ro lling load. 

4. The effect of increased sweep is to decrease the value of the rate 
of change of rolling-moment coefficient with angle of sideslip per unit 
dihedral angle, C^p/r, the rate of decrease being largest at large sweep 

angles. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 

Langley Air Force Base, Va., December 22, 


19^8 
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APPENDIX 

PROCEDURE FOR CALCULATING ANT 3 SYMMEERICAL 
LOADS E I THE METHOD OF WEISSINGER 
General 


Reference 1 presents a development of the method of Weissinger and a 
procedure for calculating symmetrical loads. The calculation of anti sym- 
metrical loads permits in much the same manner as in the case for sym- 
metrical loads an appreciable reduction in labor over that of the general 
solution. These simplifications and the tabular form used for the compu- 
tations made for this paper are presented herein for completeness. The 
use of the tables for calculating span loadings is described at length in 
a section following the derivation of the equations. 


Derivation of Equations 

The method of Weissinger considers the wing replaced by a bound vortex 
located on the quarter-chord line and trailing vortices extending downstream 
to infinity. The distribution of circulation is determined so that the 
vertical component of the induced velocity due to this vortex system at the 

^c line is equal and opposite to the corresponding component of the 

incident flow. The required integrations of .the downwash equations are 
performed by summations in the manner of Multhopp (reference 14 ) . 

Weissinger derives a set of simultaneous equations in terms of the loading 
coefficient G n (reference 3) 

m 

- XI **v, n G n = a v (1) 


wherein the integers V and n are related to the nondimensional spanwise 
stations rj and Tf by 


J 

T) = — r- - COS 

1 b /2 


Vir 


m + 1 
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and 



cos 


nn 

m + 1 


vhere m 1 b the number of points at vhioh the span-loading coefficients 
are to he determined. The symbol a v refers to the geometric angle of 

attack at station v, and the loading coefficient G n is the circulation 

at station n divided by the wing span and free-stream velocity. The 

coefficients b* in this set of equations are given by 
V j D. 

b *v,n = 2t V,n “ ®v8v,n ( 2 ) 

Also, 



1 - (-l) n ~V 
2(m + l) 


except for n = v where 


m + 1 


v,v 


4 sin 




The parameter ar v is the 
station v The influence 



ratio of the wing span to the chord at 
function g is defined by 

M 


2(M + 1) 


H=1 


L A(v,n)f n#(a 


^A< v . Q > f n,0 ♦ 

2 


( 3 ) 
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and is the result of an Integration over the span of the plan— form 
function multiplied by the values of f 



= 2 
H m + 1 



. n« n# 

8 i 8ta rrr 008 “i rrr 


( 4 ) 


where M is the number of stations used in the spanwise integration of 
equation ( 3 ) • 

For an antisyrametrical load. 

G V = "^n+l-v 


G m+1 


2 


= 0 


and 


a v “ °Wl-v 


= 0 

2 

Thus, the solution of the downwash equation now becomes, because of 
the reduction in the number of unknowns, 

ffizi 
2 

“511 (^*v,n “ ^*v,mrfl-n) G n = a V 


( 5 ) 
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M— 1 

If the summation is made from 1 to , equation ( 3 ) becomes 

2 


M— 1 


8 


V* 


» * - *T77) it f A< v ' , ° V + Mv,m + 1 - ^ n ,^_ 


+ L, 


/ M + lY, + L A(v.°)fn,0 * Wv,” * 

■V’ 2 - j f n,(Mtl)/2 2 ' ( ' 


Substitution of equations (2) and (6) into equation ( 5 ) gives for 
the solution 


m— 1 
2 


n=l 


2 (^V,n N^m+l-n^ 


ar. 


2 


2(M + 1) 


H=1 


L A^> V + L A (V ’ M + 1 " ^ )f n,M + l^ 


+ La y 


M + lV L A( v >°) f n,0 + l a( v j m + 1 ) f n,M+l 

’'T7 n,(M + l)/2 + 2 


2 


- < 


U=1 


V V ^ )f m +1 -n,n + L A (V ’ M + 1 ^^M+l-n^M+l-ji 


) 


+ L A^^T^) f m+l-n, (M+l) /2 + V V,Q) ^+1^0 


+ L a( v > M + 1 ) f m+l-n,M+l 
2 


G n = a 


(7) 
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An examination of equation (4) shows that for even values of 


f s — f* 

m+l-n,jx *n,M. 


(8) 


and for odd values of 


f* ^ x» 

m+l-n,p. “ n,|x 


where ^ is odd, the functions containing f n ^ and of 

equation (7) cancel, so odd values of (x^ may he el iminat ed from further 
consideration. Further examination of equation (4) shows that 

^n,m+l-|x = *n,|x (9) 

v 

Applying equations (8) and (9) to equation (7) gives 

m-1 
2 


Lr <- 2 Cv-n^v,„ + l^) 


M+l 

2 


+ iliTTiT " 21 V ^aUh) + Wv,m + 1 - n) >z n = a v 


( 10 ) 


where f n#(I has one-half its normal value for |i = 0 »nd ^ 1 . 1 . 


2 
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For convenience, the parameters 

“ 2 ( b v,n “ 


- 2f 


n,u 


f A (v,u) + L a (v,M +_ 1 - |i)J 


and 


M+l 


a r 

ZZ - 2f n,n L A ( v ^) + l A ( V ,M + 1 _ nj] 

H=0 *- J 


are denoted by 


and 


'v.n 


f n,|i 

l a (v,,) 


8v,n 


respectively. Equation ( 10 ) thus becomes 


m— 1 
2 

n 

n=l ' 


ar. 


v,n 


8. 


2 (M + 1 ) V,n 


|G n = a y 


(11) 


% 
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Use of Tables 


Table I presents the tabular form used for making the calculations 
where m = M = 7. Table II presents values for certain columns of table I 
for use when making calculations where m = M = 15. The 15— point calcu- 
lation takes approximately four times as long to complete as the 7“poi n t 
calculation. 


A span loading is calculated by first selecting the wing sweep, aspect 
ratio, and taper ratio and carrying out the operations indicated in table I 

through column (28) . Column (31) is then calculated by the procedure given 
in the sample calculations in table III. The remainder of the columns of 


table I are then calculated as indicated. The values of column 


are 


the coefficients of the loading ordinates G^ for v = 1, 2, 3 and 

n = 1, 2, 3 as required by equation (ll) . These values determine three 
simultaneous equations relating the loading at three spanwise stations 
(corresponding to the values of n) to the values of the angle of attack 
at three spanwise stations (corresponding to the values of v) . For 
determining the loading caused by roll (unit pb/27) these angle-of— attack 


values are the same as the values of tj given in column Table III 

shows the setup of the simultaneous equations from the values in column (35) 


These equations can.ibe most easily solved by the method given in 
reference 15 . The results are given in the form of loading ordinates G n 


which refer to the spanwise positions given by 


T1 = 



cos 


nm 

m + 1 


The loadings at the positions n = 0 and — * — , corresponding to the 
tip and the root, are zero. 

Calculations made for m = M = 15 are carried out in much the same 
way as described herein for m = M = 7* The columns of table II should 
be substituted for the corresponding columns of table I before proceeding 
with the calculation, however. This calculation yields seven simultaneous 
equations for solution and a corresponding number of loading ordinates. 
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The rolling-moment coefficient resulting from known loading ordinates 
may he determined for antisymmetries! loads "by 


C 


l 


rtA 

2(m + 1) 



G n sin 


2n« 
m + 1 


This formula is given in reference 1^ along with other pertinent formulas 
from vhich the lift coefficient, induced drag, and induced yawing moment 
may "be determined for known loading ordinates. Reference l6 gives a 
formula for the lateral center of pressure in terms of the loading ordinates 
for m = M = 7. 
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I-POINT VEISS UJQ ER CALCOIATION SHEET FOR ASSTMETRICAL WING- LOADS 


Computation unnaceaaary as It vlll lead to Indeterminant value 
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.TABLE n 

COMMNS FOR INSERTION IN TABLE I WHEN MAXING 15 -POOTT WEISS 3 NGER CALCULATIONS FOR 

ASSYMEERICAL WING LOADS 

[columns (£) through (7) of table I should, he recalculated using 
col umn s (T) and ^2^ given here. Calculations corresponding 
to ti = if should he deleted In columns @ @ , and (19) 7 ] 


© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


n 

V 

n 

n 

f n,u 

V 

n 

( 0 . 03125 ) 

*V,n 

0.98079 

1.00000 

1 

1 

0 

- 5.02752 

(d) 

(d) 

(d) 

(d) 

.98079 

.98079 

1 

1 

1 

2.41408 

1 

1 


41.0060 

.98079 

.92388 

1 

1 

2 

3.53088 

1 

2 


- 14.7584 

.98079 

.83147 

1 

1 

3 

- 1.41440 

l 

3 


0 

.98079 

.70711 

1 

1 

4 

.82848 

1 

4 


-1.1490 

.98079 

•55557 

1 

1 

5 

-.58592 

1 

5 


0 

.98079 

.38268 

1 

1 

6 

.46912 

1 

6 


-.2608 

.98079 

.19509 

1 

1 

- 7 

-.41408 

1 

7 


0 

.98079 

0 

1 

1 

8 

.19904 

(i) 

w 

(d) 

(d) 

.92388 

1.00000 

2 

2 

0 

2.41440 

(d) 

(d) 

(d) 

( a ) 

.92388 

.98079 

2 

2 

1 

- 6.52416 

2 

1 


- 7.5238 

.92388 

.92388 

2 

2 

2 

1.00000 

2 

2 


20.9050 

.92388 

.83147 

2 

2 

3 

4.35936 

2 

3 


-8.1096 

.92388 

.70701 

2 

2 

4 

- 2.00000 

2 

4 


0 

.92388 

•55557 

2 

2 

5 

1.29760 

2 

5 


-.7188 

.92388 

.38268 

2 

2 

6 

- 1.00000 

2 

6 


0 

.92388 

.19509 

2 

2 

7 

.86720 

2 

7 


-.1330 

.92388 

0 

2 

2 

8 

-.41408 

(d) 

(d) 

(d) 

(d) 

.8311*7 

1.00000 

3 

3 

0 

- 1.49664 

(d) 

(d) 

(d) 

(d) 

.83147 

.98079 

3 

3 

1 

3.41440 

3 

1 


0 

.83147 

.92388 

3 

3 

2 

- 5.69568 

3 

2 


- 5.5860 

.8311*7 

.83147 

3 

3 

3 

.41408 

3 

* 

3 


14.3996 

.83147 

.70711 

3 

3 

4 

4.82848 

3 

4 


-5.6776 

.8311*7 

i 55557 

3 

3 

5 

- 2.41408 

3 

5 


0 

.8311*7 

.38268 

3 

3 

6 / 

1.69568 

3 

6 


-.4952 

.8311*7 

.19509 

3 

3 

7 

- 1.41408 

3 

7 


0 

.8311*7 

0 

3 

3 

8 

.66816 

(d) 

(<*) 

(i) 

(d) 


^No value exists. 
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TABLE H — Concluded 

COLUMNS FOR INSERTION ON TABLE I WEEN MAKING 15-POIHr VEESIHGER CALCULATIONS FOR 
ASSTMEERICAL WING LOADS 


© 

© 

© 

© 

© 

© 

© 

© 

@ 

© 

0.70711 

1.0000 

4 

4 

0 

1.00000 

(d) 

(d) 

(d) 

(d) 

.70711 

.98079 

4 

4 

1 

-e.i648o 

4 

1 


-O.317O 

.70711 

.92388 

4 

4 

2 

' 2.82848 

4 

2 


0- 

.70711 

.83147 

4 

4 

3 

-5.22624 

4 

3 


-4.4610 

.70711 

.70711 

4 

4 

4 

0 

4 



u.3136 

.70711 

.55557 

4 

4 

5 

5.22624 

4 

5 


-4.4610 

.70711 

.38268 

4 

4 

6 

-2.82848 

4 

6 


0 

.70711 

.19509 

4 

4 

7 

2.16480 

4 

7 


-.3170 

.70711 

0 

4 

4 

8 

-1.00000 

(d) 

(d) 

(d) 

(d) 

.55557 

1.0000 

5 

5 

0 

-.66816 

(d) 

(d) 

(d) 

(d) 

.55557 

.98079 

5 

5 

1 

1.41408 

5 

1 


0 

.55557 

.92388 

5 

5 

2 

-1.69568 ' 

5 

2 


-.3308 

.55557 

.83147 

5 

5 

3 

2.41408 

5 

3 


0 

.55557 

.70711 

5 

5 

4 

-4.82848 

5 

4 


-3.7936 

.55557 

.55557 

5 

5 

5 

-.41408 . 

5 

5 


9.6214 

.55557 

.38268 

5 

5 

6 

5.69568 

5 

6 


-3.7324 

.55557 

.19509 

5 

5 

7 

-3.41440 

5 

7 


0 

.55557 

0 

5 

5 1 

8 1 

1.49664 

(d) 

(d) 

(d) 

(d) 

.38268 

1.0000 

6 

6 

0 

.41440 

(d) 

(d) 

(d) 

(d) 

.38268 

.98079 

6 

6 

1 

-.86720 

6 

1 


-.0550 

.38268 

.92388 

6 

6 

2 

1.00000 

6 

2 


0 

.38268 

,83147 


6 

3 

-1.29760 

6 

3 


-.2976 

.38268 

.70711 

6 

6 

4 

2.00000 

6 

4 


0 

.38268 

.55557 

6 

6 

5 

-4. 35936 

6 

5 


-3.3590 

.38268 

.38268 

6 

6 

6 

- 1.00000 

6 

6 


8.6590 

.38268 

.19509 

6 

6 

7 

6.52416 

6 

7 


-3.1164 

.38268 

0 

6 

6 

8 

-2.41408 

(d) 

(d) 

(d) 

(d) 

.19509 

1.0000 

7 

7 

0 

-.19904 

(d) 

(d) 

(d) 

(d) 

.19509 

.98079 

7 

7 

l 

.41408 

7 

1 


0 

.19509 

.92388 

7 

7 

2 

-.46912 

7 

2 


-.0518 

.19509 

.83147 

7 

7 

3 

.58592 

7 . 

3 


0 

.19509 

.70711 

7 

7 

4 

-.82848 

7 

4 


-.2286 

.19509 

.55557 

7 

7 

5 

1.41440 

7 

5 


0 

.19509 

.38268 

7 

7 

6 

-3.53088 

7 

6 


-2.9356 

.19509 

.19509 

7 

7 

7 

-2.4l4o8 

7 

7 


8.1572 

.19509 

0 

7 

7 

8 

5.02752 

(d) 

(d) 


(d) 
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TABLE HI 

SAMPT 23 CALCULATION OF ROLLING SPAN LOADING BY 7 -POINT VEISSINGER METHOD 

Calculations of columns (l) throu Ji (23) of table I are believed to need no explanation and so are omitted. 
Calculations are carried out here from column ( 24 ) through the determination of the loading coefficients 
for a ving of aspect ratio 3.5, sweep of 30°, and taper ratio of 0 . 57 ] 


© 

© 

© 

© 

© 

© 

© 

© 

(a) 

® 

© 

© 

© 

to 

V 

n 

n 


© + © 

+ © 
L A (v,u) 

V 


Vn 

(0.0625) ‘ 
® 

© 

X 

® 

c V,n 

© ♦ © 

Coefficient 
of G n 

1 

1 

0 

-2.4142 

2.1413 

(d) 

(d> 

(d) 

(d) 

(d) 

(d) 

(d) 

1 

1 

1 

1.0000 

2.4107 

1 

1 

0.9429 

0.3049 

0.2875 

10.4524 

10.7399 

1 

1 

2 

2.0000 

2.6406 

1 

2 

.2559 

.3049 

.0780 

-3.6954 

^.6174 

1 

1 

3 

-1.0000 

2.7037 

1 

3 

.0913 

.3049 

.0278 

0 

.0278 

1 

1 

11 

.4142 

2.7141 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 

2 

2 

0 

1.0000 

1.2620 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) | 

(d) 

2 

2 

1 

-2.8284 

1.5532 ! 

2 

1 

1.7852 

.2538 

>531 

-5.0000 

-1.546s 

2 

2 

2 

0 

2.4060 * 

2 

2 

1.6620 

•2538 

.4218 

5.6568 

6.0786 

2 

2 

3 

2.8284 

2.6356 

2 

3 

.0064 

.2538 

.0016 

-2.0000 

-1.9984 

2 

2 

4 

-1.0000 

2.6606 

(a) ; 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 

3 

3 

0 

-.4142 

.9232 

(d) 

(d) 

(dT - 

(d) 

(d) 

(d) 

(d) 

3 

3 

1- 

1.0000 

1.0075 

3 

1 

.2899 

.2029 

.0588 

0 

.0588 

3 

3 

2 

-2.0000 

1.4234 

3 

2 

2.2828 

.2029 

.4632 

-1.5308 

-I.O676 

3 

3 

3 

-1.0000 

2.3780 

3 

3 

1.4761 

.2029 

.2995 

4.3296 

4.6291 

3 

3 

u 

2.4142 

2.5167 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 


Sample calculations for column 


When columns (29) and ^0) = 1, 
column 6i) = (-2.4142) (2.1413) + (l. 0000) (2.4107) 
w + (2.0000) (2.6406) + (-1.0000) (2.7037) 

+ ( 0 . 4142 ) ( 2 . 7141 ) = 0.9429 

When column (2^) = 1 and column (30) - 2, 

column (31) = (1.0000) (2.1413) + (-2.8284) (2.4107) 

^ + (0) (2.6406) + (2.8284) (2.7037) + (-1.0000) (2.7141) = 0.2559 

When column (29) = 3 and column (30) = 2, 

column 31 = (1.0000) (0.9232) + (-2.8284) (1.0075) + (0) (1.4234) 

+ (2.8284) (2.3780) + (-1.0000) (2.5167) = 2.2828 


^Equations obtained from column 



10.7399G 1 - 3.61740^ + 0.0278G 3 = O.9239 
-l. 5469 G 1 + 6.0786G 2 - l. 9984 G 3 = O.7O71 


0.0588G 1 - 1.0676G 2 + 4.6291G3 = 0.3817 
( ^ = 0.1518 
g 2 ='0.1964 
G 3 = 0.1260 


d No value exists , 
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Figure 3.- Comparison of values of C 7 determined from NACA tests and by 7 -point method of 

P 

Weissinger for a range of wing plan forms. 
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Figure h.- Additional span loading in roll for wings of various taper ratios and sweeps as calculated 

"by the 7 "Point method of Weissinger . 
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Figure 4 .- Continued. 
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Figure 4.- Concluded. 
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by the 7 "point method of Weissinger. 




Figure 6.- Lateral center of pressure of additional loading caused "by rolling for wings of various 
taper ratios, sweeps, and aspect ratios as calculated "by the 7“Poi n ^ method of Weissinger . 



Comparison of experimental and calculated values of C ; 
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Figure 8.- Additional span loading on wings with unit dihedral in unit sideslip for wings of various 

aspect ratios and sweeps. X. = 1.0. 
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